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Abstract
We present expectations for the observation of top-quark pair production in proton-
proton collisions at
√
s = 14 TeVwith two leptons (electron or muon) in the final state
in the early phase of CMS operation. We define a possible event selection and survey
the standard model sources of dilepton events. We find that a clear signal stands out
in the first 10 pb−1 of CMS data in events selected with two high momentum leptons,
missing transverse energy, and at least two jets with expected signal-to-noise ratio of
7 to 1 in all events combined and 25 to 1 in electron-muon final state alone. Based on
expected 10 pb−1 of CMS data we expect to measure the top-quark pair production




The study of properties of top-quark pair (tt¯) production in proton-proton collisions at the
LHC is of high importance. Decay products resulting from pp → tt¯ process are expected to
contribute significantly to a number of searches for new physics beyond the standard model.
The final state of tt¯ decay in which bothW bosons in the decay chain of (anti) top-quark decay
leptonically into electrons or muons, is the cleanest tt¯ final state. In this note we outline a
possible early analysis which will observe pp → tt¯ production at the LHC at √s = 14 TeV
using the CMS detector [1] and provide a first measurement of the pp → tt¯ cross section in the
dilepton final state. For this purpose we assume a data sample of 10 pb−1 collected by CMS in
the first high-energy proton-proton collisions at the LHC.
The strategy for the analysis described in this note is that of a simple counting experiment:
define an event selection, count the number of candidates, compare this number to the number
of expected candidates from all non-tt¯ standard model (SM) sources, and ascribe the excess
of events to tt¯. In such a counting experiment it is very important to validate the estimation
of the non-tt¯ SM contributions. To do this we use control regions where these backgrounds
are expected to be large and the signal contribution to be small. In practice this can be done
most easily by dividing the event sample in jet multiplicity bins, because tt¯ events tend to
have jets from the b-quarks in top decay, while most other backgrounds tend to have no jets
in the final state. The analysis will then consist of selecting events with two isolated leptons
of opposite sign with high transverse momentum (PT) [2], missing transverse energy (E/T), and
some number of jets (Njets). We test the background prediction in the Njets = 0 and 1 bins, and
extract the tt¯ signal in the Njets ≥ 2 bins.
The analysis presented in this note does not use b-tagging to isolate the signal signature com-
pared to a complementary analysis pursued at CMS [3]. This complementary analysis is aimed
at a later stage of the experiment, after the detector is calibrated well enough to reliably apply
the b-tagging requirements. Both analyses are based on selecting two isolated leptons (elec-
trons or muons), missing transverse energy, and jets. However, as CMS is exploring various
options, the details of the lepton andmissing transverse energy selections are different between
the two analyses and cannot be directly compared. These selections will be optimized with real
data in light of detector performance and measured backgrounds.
2 Simulation
Processes expected to contribute to the dilepton signature include production of tt¯, Drell-
Yan+jets (DY+jets), dibosons, W+jets, and QCD multi-jet1 in the (intermediate) final state.
Details of Monte Carlo (MC) samples used for this study are given in Table 1. The tt¯ and
W/DY+jets events are generated using Alpgen MC generator [4], while the remaining sam-
ples are generated using Pythia [5]. The DY+jets sample is generated with the mass of the
dilepton system constrained to be within 40 to 200 GeV/c2. The cross sections for each sample
are scaled to their expected next-to-leading order values using K-factors of 1.85 (tt¯) and 1.12
(W/DY+ jets) obtained using MCFM program [6].
All samples are simulated using full CMS detector simulation. These samples have the High
Level Trigger (HLT) response simulated, and events are filtered based on the simulated trigger
decision. In order to mimic the realistic conditions during the early data taking we use events
1The events with generic QCD final states are notoriously difficult to generate due to high required statistics and
are also not expected to represent reality with high precision. We expect the contribution from QCD events to be
small and use several samples to validate that as discussed in Section 4.
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Table 1: Monte Carlo samples used in this work. For each sample we list the MC generator
used and the assumed cross section. Note that the DY+jets events are generated with the mass
of the dilepton system constrained to be within 40 to 200 GeV/c2.
process MC Generator Assumed Cross Section
tt¯ Alpgen 837 pb
W+jets Alpgen 65.2 nb
DY+jets Alpgen 6.46 nb
WW Pythia 114.3 pb
WZ Pythia 49.9 pb
ZZ Pythia 16.1 pb
reconstructed with tracker misalignment and calorimeter miscalibration expected for the first
10 pb−1 of data. The effect of multiple proton-proton interactions has not been included.
3 Event Selection
The event selection is designed on simulated data described in Section 2. We study simulated
signal tt¯ events, as well as other sources of events with two leptons in the SM.
We select events with two opposite sign isolated leptons (e or µ) of PT > 20 GeV. In these events,
we count the number of jets with calibrated PT > 30 GeV and pseudorapidity |η| < 2.4 [2].
The lepton isolation requirement is PT/(PT + S) > 0.92, where S is a quantity that characterizes
the amount of hadronic activity in a cone of ∆R =
√
(∆φ)2 + (∆η)2 = 0.3 around the lepton.
For electrons S is defined as the scalar sum of the transversemomenta of all tracks excluding the
electron track reconstructed in the cone in the silicon tracker. For muons the sum S includes,
in addition to the tracks, the transverse energy measured in the hadron and electromagnetic
calorimeters in the cone, excluding the energy deposited by the muon.
Jets are reconstructed in the calorimeter with an iterative cone algorithm [1] with a cone size
of ∆R = 0.5. The jet energy calibration is designed to correct on average the observed energy
of the jet in the calorimeter to the energy of particles emitted in the cone at the beamline. The
correction accounts for non-linearities in the calorimeter response, as well as the loss of charged
particles from the jet cone due to bending in the 4 T magnetic field.
The response of the CMS trigger system is simulated in the samples. The events are required
to pass either the single muon trigger (PT > 16 GeV) or the single electron trigger (PT > 17
GeV). The muon trigger has no isolation requirements. The electron trigger, on the other hand,
requires the electron to be loosely isolated: the sum of transverse momenta of tracks in a cone
of ∆R = 0.2 is required to be below 0.06 of the electron transverse momentum, and the sum
of energy measured by the hadron calorimeter in a cone of ∆R = 0.15 is required to be below
3GeV. The trigger efficiency is quite high because there are two leptons in the events of interest:
both leptons have to fail the trigger for the event not to be accepted.
We consider three dilepton final states: two electrons (ee), two muons (µµ), and electron and
a muon (eµ). The ee and µµ final states have more background than the eµ final state because
the Drell-Yan production contributes to the same flavor, opposite sign dileptons. Events with
an e+e− or µ+µ− pair with invariant mass within 15 GeV of the Z mass are rejected. This veto
reduces the tt¯ acceptance in the ee and µµ channels by 25%.
After the Z-veto, the ability to further reject the DY+jets background depends crucially on
3performance of missing transverse energy measurement which is uncertain in the early days
of CMS operation. Our analysis has been carried out assuming that the current CMS simula-
tion gives a good representation of the missing transverse energy. With real data the analysis
strategy for ee and µµmay have to be re-evaluated.
We calculate the missing transverse energy from the vector sum of all calorimeter towers [1, 2],
and we correct it for the presence of muons in the event. For the ee and µµ channels, the
requirements on themissing transverse energy are not too stringent and are targeted against the
Drell-Yan background. In Drell-Yan events the missing transverse energy is dominantly from
mismeasurements of the hadronic part of the event. The net hadronic recoil is directed opposite
to the dilepton momentum in the transverse plane because of momentum conservation. The
hadronic recoil tends to be undermeasured, thus the vector of the missing transverse energy
tends to point opposite to the dilepton momentum. We define an angle α between the vector of
the missing transverse energy and the transverse component of the dilepton momentum vector
(P``T ).
The requirements on the missing transverse energy are:
• E/T> 30 GeV
• E/T> 0.6 · P``T OR α > 0.25
The second requirement can be visualized in Fig. 1. For events with at least two jets, these
requirements reject 81% of the DY→ ee background and keep 86% of tt¯ → ee signal events.
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Figure 1: Distribution of E/T/P``T vs. the angle α defined in the text for Drell-Yan→ ee (left) and
tt¯ → ee (right) normalized to 10 pb−1. This is for events with E/T > 30 GeV and two or more
jets. Events in the box at the bottom-left-hand corner of the plot are rejected.
In the case of eµ, we require E/T> 20 GeV. This rejects approximately half of the purely QCD
background, and is 95% efficient on tt¯ → eµ decays.
4 Results
In Fig. 2 we show the expected number of events from the MC samples of Table 1 as a function
of jet multiplicity Njets for an integrated luminosity of 10 pb−1.
We would like to highlight several interesting aspects of of the composition of expected events
passing the final selections:
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Figure 2: The expected number of dilepton events in 10 pb−1 as a function of jet multiplicity
in ee (top left), µµ (top right), eµ (bottom left), and all channels combined (bottom right). The
figures show contributions from tt¯ (yellow), WW (red), WZ (dark blue), ZZ (green), W+jets
(gray), DY→ ττ (black), DY→ ee (magenta), and DY→ µµ (cyan).
• As anticipated, the ee and µµ channels suffer from backgrounds of order 20% coming
from DY+jets.
• In all channels, but particularly in the eµ channel, events with two or more jets are
dominated by contribution from tt¯.
• The expected event yields are such that the statistical uncertainty on a cross section
measurement in 10 pb−1 will be of order 10%.
• The W+jets background is small. It consists mostly of events with a muon or an
electron from theW boson decay and a fake electron. The rate for these events can be
reduced by improvements in the event selection. For example, the current electron
isolation criteria require isolation in the tracker but not in the calorimeter; algorithms
5for rejecting photon conversions, that constitute one of the main backgrounds to the
isolated electron signature, are being developed.
• Contribution from diboson backgrounds are small.
• For the tt¯ sample, 87% of the events with two ormore jets are from the dilepton decay
modes (tt¯ → ee, µµ, eµ). The remainder (12%) are almost entirely lepton (electron or
muon) + τ where the tau-lepton decays leptonically.
Note that the MC samples we have considered do not include W/DY+ QQ¯ processes, where
Q stands for a c- or b-quark which can potentially be a noticeable background. Separate stud-
ies indicate that contributions from such processes are expected to be small compared to the
contribution fromW+jets considered in this analysis.
We have also used large samples of Pythia QCD events to estimate the rate of the purely QCD
background to our selection. This is difficult to do because of the large MC statistics that are
needed, and because of concerns on how reliable such predictions are in the first place. Nev-
ertheless, the available information indicates that this background is smaller than theW+ jets
background of Fig. 2.
Work to develop data driven methods to estimate the W+ jets and QCD backgrounds is in
progress.
Note that the effects of multiple interactions in the same beam-beam collision (pile-up) have
not been simulated or taken into account. It is foreseeable that this effect will be negligible in
the first 10 pb−1 of data considered for this analysis.
From Fig. 2, the statistical uncertainty on the cross section measurement in the 10 pb−1 sample
is projected to be 9% (ee+ eµ+ µµ). The signal-to-noise ratio in the sample with two or more
jets is expected to be 7 to 1 (see Fig. 2). In the ee and µµ channels the dominant background
originates from DY+jets, and the level of understanding of this background will depend on
our understanding of the missing transverse energy. If this background cannot be controlled
with the first data we could limit the analysis to the much cleaner eµ channel, in which case the
statistical uncertainty would increase from 9% to 13%.
The main sources of systematic uncertainties will arise from the imperfect knowledge of the
lepton reconstruction efficiencies, the background subtraction, the jet energy scale, the predic-
tion of the jet multiplicity spectrum, the MC modeling of tt¯ production, and the luminosity
normalization. Many improvements in our understanding of the systematic effects will come
with the arrival of the first data. For instance, we expect to be able to estimate uncertainties
on the lepton reconstruction, which might not be simulated well, from the data sample itself
using Z → `` events. We also are developing methods to estimate from the data sample the
backgrounds arising from W+jets or pure QCD multijet processes which are not expected to
be modeled well in MC. Based on our current limited study of the expected systematic effects
we expect the systematic uncertainty on the cross section measurement to be comparable to the
statistical uncertainty.
5 Conclusions
We have presented expectations of observing top quark pair production in a final state with
two leptons with high transverse momentum and jets using the first 10 pb−1 of CMS data. The
event selection algorithm we employ is found to be robust against varying detector perfor-
mance which may be expected in the early operation of CMS. Clear observation of the signal
6 5 Conclusions
is expected in the sample with two or more jets with a signal-to-noise ratio of about 7 to 1 in
all channels combined and about 25 to 1 in the eµ channel alone. With the first 10 pb−1 of
data we expect to measure the top pair production cross section with the statistical uncertainty
of 9% using all dilepton channels or with an uncertainty of 13% using eµ channel alone. The
systematic uncertainty on the measurement is expected to be comparable to the statistical one.
Our understanding of the systematic effects and assessment of background expectations will
improve as we replace simulation driven methods with data driven methods.
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